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RESEARCH MEMORANDUM

AN INVESTIGATION AT TRANSONIC SPEEDS OF THE EFFECTS OF
FENCES, DROOPED NOSE, AND VORTEX GENERATORS ON THE
AFRODYNAMIC CHARACTERISTICS OF A WING-FUSELAGE
COMBINATION HAVING A 6-PERCENT-THICK,
45° SWEPTBACK WING

By Gerald Hieser
SUMMARY

An investigation has been made at transonic speeds to determine
the effects of fences, drooped nose, comblnation fences and drooped
nose, and vortex generators on the aerodynamic characteristics of a
45° sweptback wing-fuselage configuration. The wing has an aspect
ratio of 4, a taper ratio of 0.6, NACA 65A006 airfoil sections parallel
to the plane of symmetry, and no geometric twist, dihedral, or inci-
dence. The tests were conducted in the Langley 16-foot transonic tun-
nel at Mach numbers from 0.60 to 1.03.

The results show that the fences Increased the 1ift coefficient
at which adverse pitching-moment changes occurred in the Mach number
reange from 0.60 to sbout 0.90 and st Mach numbers sbove 0.98. Drooping
the forward 14t percent of the airfoil 3° from the 0.65-semispen stations
to the tip increased the 1ift coefficient at which undesirgble pltching-
moment chenges occurred at Mach numbers of 0.98 and 1.00. A combins-
tion of the fences and drooped nose improved the pitching-moment
charscteristics at all Mach numbers where beneficial effects were
realized from either of the individual configurations. The drooped-
nose configuration was more effective than the fences in increasing
the lift-dreg ratio. The vortex gernerators lnstalled at the wing
leading edge or at the 0.15 chordwise station resulted in no signifi-
cant improvement i1n the pitching-moment characteristics.
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INTRODUCTION

An undesirsble characteristic of relativeky thln sweptback wings
at subsonic and transonic speeds is the pitch-up tendency which
regults from the leading-edge vortex-type flow and consequent separa-
tion of the flow over the outboard portion of the wing as described in
reference L. In an attempt to slleviate this condition, various wing
modifications have been investigated. A summary of low-speed investi-
gations incorporating fences, various flap configurations, slats, and
boundary-layer control is glven in reference 2. At high subsonic and
transonic speeds the effects of twist and camber (ref. 3) and several
configurations of leading-edge chord-extensions (ref. 4) on the longi-
tudinal charscteristics of sweptback wings have been studied.

The present investigstion, conducted in the Langley l6-foot
transonic tunnel, presents some of the aserodyremic characteristics of
a 45° sweptback wing-fuselage combinatlion incorporating fences,
drooped nose, combination fences end drooped nose, and vortex gener-
atorge. The chief purpose of each of these modifications was to
improve the pitching-moment characteristics only, except in the case
of the drooped nose, which was Installed for the purpose of lmproving
the lift-drag ratio also.

The wing, which was mounted on a sting-supported body, has an
aspect ratio of 4, a taper ratio of 0.6, and NACA 65A006 airfoil sec-
tions parallel to the plane of symmetry.

Tests with the fences and drooped nose covered an engle-of-attack
renge from -2° to 26° and Mach numbers from 0.60 to 1.03. With the
vortex generators installed, data were obtalned at angles of attack
from 6° to 26° and Mach numbers from 0.60 to 0.9%. The test Reynolds

number varied from sbout 4.8 x 106 to 6.6 X 106.

SYMBOLS
CL 1ift coefficlent, Lift/q8
Cp drag coefficient, Drag/qS
Cm pltching-moment coefflicient sbout 1/4 mesn aerodynamic chord,

Pitching moment/qSE

L/D lift-drag ratio
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o angle of attack of model
c wing chord at any spanwise station
b/2
c mean serodynamic chord, gl/; clay
I +] wing spen
S wing area
q free-stream dynamlc pressure
M free-stream Mach number
Y lateral distance measured perpendiculsr to plene of symmetry

MODEL. AND APPARATUS

Baslc model.- The steel wing, which has no geometric twist or
dihedral, hsas O of sweepback of the l/h—chord line, an aspect ratilo
of L, e taper ratio of 0.6, and NACA 65A006 airfoil sections parsllel
to the plene of symmetry and was mounted at zero ilncidence with respect
to the body. The model was stlng-supported through a six-component
Internal electrical strain-gage balance. The principal dimensions of
the model, including e table of fuselage coordinstes, are given in
figure 1. A photograph of the basic model mounted in the Langley
16-foot tramsonic tunnel is shown as figure 2.

Fences.- Fences were installed, one on easch wing panel at the
0.65-semispan station, parallel to the model longltudinal axis. They

extended 0.09 local chord above the wing chord line and sbout l%%-inches
{(about 0.10 of the local chord) ahead of the leeding edge. The top of

each fence was parallel to the wing chord line and the bottom was
shaped to £it the wing upper~surface contour. A sketch showlng the
fences installed on the wing is glven as figure 3.

Drooped nose.- The drooped nose conslsted of 3O droop of the
forward 14 percent of the airfoil sections from the 65-percent-semispan
stations to the tips as shown in flgure k.

Vortex generators.- Vortex generators spaced 1/2 inch (about
0.01%4 semispan) apart spanwise beginning at the wing-fuselage juncture
were arranged in configurastions given ln the followlng table:

s
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Chordwise Size, percent Angle
Configurstion{ location of of mean ; to free
deslgnation |vortex-generator| aerodynamic Sp e extent stream,

leading edge chord deg

Leadlng edge 1.02 square Root to tip 15
Leading edge 1.70 square Root to tip 15
Leading edge 1.70 square |Root to 0.70b/2 15
Leading edge 1.70 square [Root to 0.70b/2| 25

15 percent chord| 1.70 square Root to tip 15

15 percent chord|{ 1.70 square {Root to 0.70b/2{ 15

1.70

15 percent chord square |Root to 0.50b/2 15

QEEHODQOE

The chord line of the vortex generators polnted outward with
respect to the model plane of symmetry as can be seen on the sketch of
figure 5. A photograph of one of the configurations is shown es
figure 6.

Tunnel.- Thé Langley 16-foot transonic tunnel, in which the present
tests were conducted, has an octagonal slotted test section permitting
a continuous varlation in speed to Mach numbers slightly above 1.0. A
complete description of the tunnel is given in reference 5.

TESTS AND ACCURACY

Tests

Simultaneous measurements of 1ift, drag, and pitching moment were
obtained at Mach numbers from 0.60 to 1.03 for the model with the
fences, drooped nose, and combination fences and drooped nose. The
angle of attack was varied at each Mach number between the limits
of -2° and 26° at M = 0.60 and between -2° and 8° at M = 1.03.

For the vortex-generator configurations designated A, D, E, and
F 1ift, drag, and pitching-moment dsta were obtalined at a Mach number
of 0.60 and engles of attack from 6° to 26°. For the configurations
designated A, B, C, and D 1ift, drag, and pltching-moment measurements
were obtained at a Mach number of 0.94 at angles of attack from 6°
to 14°. The same components were meassured for configurastions E, F,
and G at a Mach number of 0.90 and angles of attack from 6° to 16°.
The variation of test Reynolds number (based on mesn aerocdynamic chord)
with Mach number is given in figure 7. The base pressure coefficients
for the basic model are presented in reference 6, end since the various
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wing modifications should not influence the base pressures the coeffi-
cients are not repeated in this paper. :

Accuracy of Measurements

The measurement of Mach number in the test region is bhelieved to
be accurate within #0.005 (ref. 5). The model angle of attack was
obtalned from the static angle of attack corrected for deflections due
to load. These deflections, which occurred Iin the balance and sting,
were determined from a static calibration under applied normsl loeds
and pitching moments. The resulting angle measurements obtained
during the tesis, neglecting tunnel sir-stream alinement, are believgd
to be accurate within 20.1°. Filow surveys Indlicate that no stream-
angle corrections are necesgsary for large sting-mounted models such
as the one used for the present tests.

No adjustments for sting interference, model-base pressures, or
aeroelasticity have been applied to the aerodynamic forces and moments.
It is belleved that boundary interference effects are generally
negligible In this slotted wind tunnel and no attempt to correct the
data for these effects has been made. Neglecting these various
posegible sources of error, the accuracy of the messured coefficlents,
based on balance accuracy and repeatabllity of data, is believed to
be within the following limits:

CI, ¢« o s o o o ¢ e o o o o o & o o o s s o o o s s s s s e s +0.01
Cp -
At low 1ift coefficients . . . . . . . . . . . . . . . . . 30.00L
At high 1ift coefficients . . ¢« ¢ ¢« &+ ¢« ¢« ¢« v ¢ « ¢ « « « F0.005
Cm « « o + o o o s o « & » o s « ¢ s o s s o o + o o s+ » .« FT.005

RESULTS AND DISCUSSION

Test Results

The 1ift, drag, and pltching-moment characteristics for the model
wlth fences, drooped nose, and combination fences and drooped nose are
presented in figure 8 at Mach numbers from 0.60 to 1.03. For compari-
son purposes the characteristics of the basic model, taken from refer-
ence 6, are included in the figure. The effect of the fences, drooped
nose, and combinstion fences and drooped nose on the lift-drag ratio
is given in figure 9. The variation of pitching-moment coefficient
with 11ft coefficient only is presented for the vortex-generator con-
figurations (fig. 10). In order to show the effect of the vortex
generstors, the basic model data are shown in this figure salso.
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Discussion

Fences, drooped nose, and combination fences and drooped nosge.-
As shown by the lift curves of figure B, installation of the fences,
drooped nose, or combinstion fences and drooped nose had little effect
on the model 1ift coefficient or lift-curve slope. The lift-drag
polars show that incorporation of any of these modifications generally
reduced the drag slightly at 11ift coefficients above about 0.L4O.
Addition of the fences alone increased the minimum drag coefficient
by approximately 0.002 throughout the Mach number range, whereas the
drooped nose had essentlially no effect on minimum drag up to a Mach
number of sbout 0.98. At the higher Mach numbers the minimum drag
weas lncreased slightly by the drooped nose. The combined modifica-
tions (fences and drooped nose) served to increase the minimum drag
coefficient by about 0.002 at all Mach numbers tested mainly becsuse
of the drag added by the fences.

The 1lift coefficient at which adverse pitching-moment changes
(pitch~up) occurred was increased by about 0.3 at a Mach number of 0.60
with the fences installed (fig. 8). This 1ift increment was only
about 0.15 at a Mach number of 0.85 and decreassed to zero at a Mach
number of 0.90. Apparently the fences served as an effective boundary
conteining the leading-edge vortex flow which contracts outward with
increasing angle of attack. The boundary-layer thickness over the
outboard portlons of the wing was probably reduced, thereby deleying
separation to a higher 1ift coefficlent. As the angle of attack was
increased beyond initiel seperation, stalling over the outboard por-
tions of the wing was probably caused by separation induced by &
leading-edge vortex flow orlglnating Jjust outboard of the fences. At
Mach numbers from sbout 0.90 to about 0.98 there was no increase in
the 1ift coefficient at pitch-up due to the fences. In this Mach
number range, stalling over the outboard portion of the wing due to
separstion at the tlp was probebly caused by both a shock near the
leading edge following a supersonic expansion, such as described in
reference 7, and the shock originating at the Jjuncture of the fuselage
and the wing trailing edge (ref. 8). The fences apparently are not
effective in reduclng shock-induced separation, and therefore do not
improve the pitching-moment characteristics at Mach numbers from about
0.90 to 0.98. With increases in Mach number sbove 0.98, the trailing-
edge juncture shock sweeps rearward (ref. 8), thereby affecting a
smaller portion of the wing chord, and because of the reduced boundery-
layer thickness at the tip resulting from the fences, separation does
not spread forward as far in the boundary layer. These phenomensa
result in a smaller loss In 1li1ft at the tip end therefore delay the
pltch-up tendency (figs. 8(f) and 8(g)). Unfortunately, limiting loads
on the sting support strut would not permit testing at higher angles of
attack at Mach numbers of 1.0 and 1.03, and, therefore, the full extent
of the ilmprovement in pitching-moment characteristics due to the fences
could not be ascertalned.
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The drooped nose apparently has no effect on the vortex-type flow
and, therefore, does not reduce early tip staelling at Mach numbers up
to about 0.98 (fig. 8). At Mach numbers from 0.98 upward, the vortex
flow has contracted outward and rearward so that severe separstion is
confined to the region behind the wing trailling-edge Juncture shock
which has swept rearward, and the drooped nose then becomes effective
in delsying pltch-up (figs. 8(f) and 8(g)). As in the case of the
fences, limitations of the angle-of-gttack range precluded the possi-
bilility of determining the full extent of the benefits to pitching-
moment characteristics resulting from the drooped nose at Mach numbers
of 1.0 and 1.03.

Utilizing both the fences and drooped nose combines the beneficlal
pltching-moment characteristics realized from the individuwal configura-
tions (fig. 8). The 1ift coefficient at which adverse pitching-moment
characteristics occur 1s Increased as a result of the fences at Mach
numbers from 0.60 to sbout 0.90, whereas no beneficial effects are
shown at Mach numbers from sbout 0.90 to about 0.98. Improved pitching-
moment characteristics resulted from the geins realized by both the
fencg? and drooped nose at Mach numbers of 0.98 and 1.00 (figs. 8(f)
and 8(g)).

The effect of the fences, drooped nose, and combination of the
two modifications on the lift-drag ratio 1s shown 1n filgure 9. The
drooped-noee configuration was more effective than the fences in
increasing the lift-drag ratio. In general, the velues of L/D
resulting from the combination of the two modificetions were between
those for the individual configuratlions, especially st the higher Mach
nunmbers. At the lowest Mach number tested (M = 0.60) all modifications
increased the lift-dreg ratio at 1ift coefficients sbove about 0.40,
whereas a decrease 1in L/D resulted at lower 1ift coefficients.

Vortex generators.- Vortex generators were installed at the leasding
edge of the wing in an attempt to eliminate or weaken the leadlng-edge
vortex-type flow. The purpose of the vortex generastors was to create
vortices opposite In direction to the wing leading-edge vortex, thereby
cancelling or reducing the megnitude of the latter vortex. It was
thought that 1f the foregoing purpose could be accomplished, the
undesirable separation st the tip and the premature tip stalling could
be reduced, especially at Mach numbers up to about 0.90.

The pitching~-moment data at s Mach number of 0.60 given in figure 10
show that the presence of the generators along the leading edge at
elther 15° or 25° to the stream (configurations A and D) delayed the
pitch-up to only a very slightly higher 1ift coefficient (epproximately
0.05). With the generators at the 0.15 chordwise station (configura-
tions E and F) the same small increasse in 1ift coefficlent at pltch-up
resulted. It is therefore concluded that tip stalling was essentially
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unaffected by these configurstions of vortex generastors. Apparently
the generators created vortices which were too weak to be effective,

or they were too large and created vortices outside the boundary layer
in which case they would have no effect on the wing leading-edge vortex
flow which originates within the boundary layer.

At higher Mach numbers (M = 0.90 and 0.94) the model pitching-
moment characteristics were essentially unchanged by any of the con-
figurations of vortex generstors tested, indicating that the effects
of the wing shocks were not appreciably changed.

CONCLUSIONS

The results of an lnvestlgation at transonic speeds to determine
the effects of fences, drocoped nose, combination fences and drocoped
nose, and vortex generators on the sercdynamiec cheracteristies of a
45° sweptback wing-fuselage combination are as follows:

1. Fences installed at the 0.65 semispan stations of the wing
increased the 1ift coefficient at which pltch-up occurred by about 0.30
at a Mach number of 0.60. This increment decreased to zero at s Mach
number of 0.90 and no beneficial effects were observed at Mach numbers
from about 0.90 to about 0.98. At a Mach number of 1.00, no pitch-up"
occurred at angles of attack up to the meximum angle attained.

2. Drooping the nose 3° on the outer 0.35 pemispan of the wing
resulted in no increase In lift coefficient at which pltech-up occurred
at Mach numbers from 0.60 to about 0.98. No adverse pitching-moment
characteristics were observed at angles of attack up to the maximum
attalned at Mach numbers of 0.98 and 1.00 with the drooped-nose
configuration.

3. Combining the fences and drooped nose delayed the adverse
pitching-moment characteristics at all Mach numbers where Improvements
were realized utilizing either of the two configurations individusally.

k. The drooped-nose configuration was more effective than the
fences in Increesing the lift-drag ratlos.

5. The installstion of vortex generators at the wing leading edge
or at the 0.15 chordwise gtation resulted in l1ittle or no improvement
in the pltching-moment characteristics.

Langley Aeronauticsl ILaboratory,
National Advisory Committee for Aeronautiecs,

Langley Fileld, Va.
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Figure 2.- Photograph of basic model ingtalled in the Langley 16-foot
trangonle tunnel.
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Figure 6.- Photograph showing a typical vortex-generator

configuration.

:
:
:
3
@

&Y




NACA RM L53BOY

16

7x 106

.0

Mach number

Figure 7.- Variation of test Reynolds number with Mach number.



3B NACA RM L53BO% - S 17

—o— Basic model ————— Drooped nase —%--—Coanrkgllmhonedfeﬂocgg

———a~=Fences

n
[41]

ol

A
N
N

AN

»

i
——
: —]
"""-—-_‘»._____._,

anl
L0

Cb 24
! ’,"
20 ] N /1
3

.16

]

i
W]

A

(o]

o
AN
AN

Vi 1 o

- : 2
P P o 1o
il —

-'04-..3 2 4 6 8 102 0 2 4 6 B8 102 0o 2 4 6 B

Lift coefficient, C

” _ (a) M =o0.60.

Figure 8.- Lift, drag, and pitching-moment charascteristics of model with
fences, drooped nose, and combination fences and drooped nose.



18 R

—o——Basic model ~-—o--- Drocped nose

NACA RM L53BO4

—-a—- Combingtion fences
d nose

——-o—--Fences and droope
20
16 ;i /‘}’l'
12 g e By -
/
[+ 5 f ;/j
8 & i ,ff_
;!4"'
4 - ]
= o o
(o]
-4
32
28 g 3
24 i ‘
. il 1
. rl f i
20 : .
Cp 16 7 F‘l f"
12 / f
r4
08 / P‘
P 7 4
04 A i .
P &
=3 [ 4
ek @B
[T 111
DD
. oa AT #‘ | A
Cm ‘. |
Or 1= o ﬂn__n__r}" il = R hd 4} I‘L
|
-04 T4 & 8 102 z 4 a6 8 10

Lift coefficient, C_

(b) M = 0.80.

Figure 8.- Continued.



NACA RM L53BO4

Cm

————Baslc model

—--0-——Fences

— ——- Drooped nose

—--+~— Combination fences
drooped nose

19

13

-

oA

L&)

-]
~~n

[y
el |

\."?-7:--0.‘

o . =

S M
‘“ﬂ-.]

8 10 -2 ] < 8
Lift coefficient, CL

(¢) M = 0.85.

Figure 8.- Continued.

[0 -2.



20

—o— Basic mode!
~-o—Fences

——o~~=Drooped noss

NACA RM I53BO4+

——-+—~-Gombination fences

and drooped nose

v

pd

A Y

Co .6

[Tce

N

RN

],

L7

Cm

—4—d

-04

-2

wL2 o0 2 4 B
Lift coefficient, G

(&) M = 0.90.

Figure 8.- Continued.

10-2



NACA RM 1L53BO4

——o~— Basic modet
—— -~ Fences

-—-o-— Drooped nose

21

——o—=—~- Combination fences

ond drooped nose

n

~ad

T

5

]

1

i
[}
A
P
m
EY
o
I
[+

0-2 [s] 2 4. [ 8 0-2
Lift coefficient, Cy

(e) M =0.9%.

Figure 8.- Continued.



Cm

NACA RM L53BOY

~~-a--=- Combination fences

.__:';_T?é’n‘c";sm' ~=~o- -~ Drooped nose and drooped nose
16
12 o
o/ A o
8 e sl i
L] L~
i e
a
) 7 % 1
o
of b’
.//
-4
207
7 7
.16 7 f— n
4
12 / r
08 2
04
-
= —— =
0
o T
o NN
04 N N N
S
L
-08 . \q\ // \, s
4 s [
1%
125 z 4 € B 1Ww-=2 0 2 @& B B o2 0 2 * 10

LIft coefficient, Gy

(f) M = 0.98.

Figure 8.- Continued.



NACA RM L53BO4

Cm

ey 23

——o——Basic modet —-o-~—Droopad nose ~=-t-—— Combination fences
—---o———Fences and draoped nose
16
= -~ P
vy ol
o A | A
L~ L~ 1
4
L
-
-1
.20
I . [ @
16
/ / /
12 /
) :
08 e %
f
04 v y
I T =~
[ pynt
04
IR
= f—t————
e \‘\ ™
by
-04 T ~
-08 - k-
X iN -
2 -
=52 o ~a
S5z & € 8 162 Z q 0 =z 4 B B 10

Lift coefficient, Gy,

(g) M =1.00.

Figure 8.- Continued.



2k I NACA RM L53BO4

—C— ———— —~-4—~ Combination fences
———— ?2?.‘&5""’“' ~o-—— Drooped nose and drooped nose
[L
) v
" ~a = -
o
i 7
™o =g P
o
o > o
-4
16
12
A Y. P
7 7 7
® e P > P
-mf*"’v /’ ./‘r
0
&R -, ] - L T A
0 A N = ECA,. radt
NN
Om g e
-p4| S > S
B 3
N N, R
D D
-08| <
E N
A
-'Ig..Z ] .2 4 6 8 o-2 [s] 2 4 .6 8 0 -2 ] 2 & S 8 [[s]

Lift coefficient, C

(r) .M = 1.03.

Figure 8.- Concluded.



modified modgel

&)

D

(5)

basic model

14
A
! i
2 < I
ARt e
- S5 S L IS i AN
0 : ::,/ ‘ // 7 _\\\ / r T 2 -";:.:Ei:’-f
"-.__...%‘ / -—‘___/ ‘:-7} "'/7‘\
s AT -
8 L |
0 2 4 6 8 00 2 4 6 B © 2 4 B 8
G G L
M= 080 M= 030 M= LOO

Fences
------- Drooped nose

— — — Combination fences and drooped nose

Figure 9.~ Effect of fences, drooped nose, end combination fences and
drooped nose on the 1lift-dreg retio,

HOTCCT WY VOVN

a2



SEC - £3-15-6 - AARUw-YOVH

Pitching - moment coefficient ,Cn

Basic. model Bosic model Basic model
B E
o A ¢ ¢ b F
0] B A D [a} G
l ! l 06(; l os(l)
=0,60 M=0, M=0,
08 M
.04 /( /[_ //
I i - N
o /'6 = A E
0
o | | T 3}?
M=0.94 P M=0.94 M:0.90
|-
i3]
of— /]
o
/ . B
=y .ajé o
~Dé N C? N \ B
g} <> /
v W N
o8 | |
3 A 5 86 4 9 1.0 3 4 5 6 .7 9 |0 A 5 6 7T 8 9

Figure 10.- Variation of piltching-mtment coefficient with 1ift coeffi-
cient for model with vortex generators.
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